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Abstract: This review describes effects of miso with reference to prevention of radiation injury, cancer and hypertension with a twin 
focus on epidemiological and experimental evidence. Miso with a longer fermentation time increased crypt survival against radia- 
tion injury in mice. When evaluating different types of miso provided by different areas in Japan, miso fermented for a longer period 
increased the number of surviving crypts, and 180 days of fermentation was the most significant. Dietary administration of 180-day 
fermented miso inhibits the development of azoxymethane (AOM)-induced aberrant crypt foci (ACF) and rat colon cancers in F344 
rats. Miso was also effective in suppression of lung tumors, breast tumors in rats and liver tumors in mice. The incidence of gastric 
tumors of groups of rats given NaCl was higher than those of the groups given miso fermented for longer periods. Moreover, the sys- 
tolic blood pressure of the Dahl male rat on 2.3% NaCl was significantly increased but that of the SD rat was not. However, the blood 
pressures of the rats on a diet of miso or commercial control diet (MF) did not increase. Even though miso contains 2.3% NaCl, their 
blood pressures were as stable as those of rats fed commercial diet containing 0.3% salt. So we considered that sodium in miso might 
behave differently compared with NaCl alone. These biological effects might be caused by longer fermentation periods. (DOI: 10.1293/ 
tox.26.91; J Toxicol Pathol 2013; 26: 91-103) 
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Introduction 

Miso (fermented soy bean paste), a traditional ingre- 
dient of the Japanese diet, is fermented from a mixture of 
soybeans with rice, wheat or oats and contains vitamins, 
microorganisms, salts, minerals, plant proteins, carbohy- 
drates, and fat. Saponin inhibiting lipid peroxides, trypsin 
inhibitor, isoflavones, lecithin, colin, prostaglandin E and 
others are additional substances'. Miso is used on a daily 
basis as a flavor in soup and solid food in Japan and other 
parts of Asia and is an essential ingredient for Japanese cui- 
sine. Even though there is no equivalent product in Western 
cooking, those who are familiar with miso have prized its 
almost unlimited versatility for cooking. For example, it can 
be used as bouillon, a rich meat stock in soups and stews 2 . 
It is considered to exert health-promoting benefits, reliev- 
ing fatigue, regulating intestinal functions, aiding digestion, 
protecting against gastric ulcer, decreasing cholesterol and 
blood pressure, and preventing diseases associated with the 
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lifestyles, like cancers. 

As previously reported by Ito et al? in a mini review, 
effects of miso with reference to prevention of radiation 
injury, cancer and hypertension are described with a twin 
focus on recent epidemiological and experimental evidence 
in this review. 

Radiation Protection by Miso 

When the 2nd atomic bomb was dropped in Nagasaki 
on August 9th, 1945, physician Tatuichiro Akizuki, along 
with 20 employees, was taking care of 70 tuberculosis pa- 
tients at "Uragami Daiichi Hospital" (St. Francis Hospital) 
about 1.4 km away from the hypocenter. However, these 
people including Dr. Akizuki did not have any acute radia- 
tion disease. Dr. Akizuki considered that this was the result 
of consuming cups of wakame miso soup (miso soup with 
garnish of wakame seaweed) every day 4 . Later, this was 
translated into English and became known in the West. In 
the Chernobyl of nuclear power plant accident on April 26, 
1986, in the Ukraine, many Europeans consumed miso soup 
as a preventive measure for radiation diseases. Therefore, 
Dr. Akizuki can be considered to be the first person in Japan 
to point out radioprotective effects of miso for maintaining 
health. 

Based on this case, we commenced our experimental 
research studies on radioprotective effects of miso against 
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Fig. 1. Small intestine 3 days after irradiation x200, HE staining. Left, nonirradiated; middle, 10 Gy Cs-irradiation; right, miso+10 Gy irradia- 
tion. Note that there is an increase in regenerated crypts in miso group. 



Table 1. Number of Surviving Crypts after X-irradiation by Miso 7 





OGy 


7Gy 


8Gy 


10 Gy 


12 Gy 


Control 


123.7 ± 13.1 


97.6 ± 10.8 


80.8 ±8.9 


48.7 ±7.1 


30.3 ± 5.8 


3- to 4-day fermented miso 




112.5 ± 14.0" 


97.3 ± 13.7" 


53.0 ± 6.4* a 


41.0 ±6.5**'" 


120-day fermented miso 




108.4 ± 13.9" 


84.4 ± 11.7 


55.1 ±5.4" a 


43.9±5.l" a 


180-day fermented miso 


125.2 ± 12.7 


103.0 ± 11.6 


87.4 ± 9.1" 


68.5 ±9.3" 


50.0 ± 5.2" 



Mean ± SD. "Significantly different from the control (p<0.01). a Significantly different from 180-day fermented miso 
(p<0.01). 



radiation 5 " 8 . 

A week before irradiation, five -week-old male B6C3F1 
mice were fed a diet of MF commercially available from 
Oriental Yeast (Tokyo, Japan) and MF with 10% dried red 
rice miso obtained from the Miso Central Institute (Tokyo, 
Japan). Six-week-old male mice were irradiated with 7-12 
Gy (dose rate 4 Gy/min) without anesthesia. They were 
autopsied for histological observation of intestinal crypt 
survival at 3.5 days after irradiation. No protection effect 
against radiation was seen in 2% NaCl or MF diet groups, 
but the numbers of surviving crypts (Fig. 1) was significant- 
ly increased in the miso diet group (Table 1). However, this 
phenomenon was not observed when miso was given on 0, 1 
or 2 days after irradiation. So it was concluded that a certain 
concentration of the effective substance(s) must exist in the 
blood before exposure 5 . 

An investigation was conducted to determine whether 
protective effects were caused by soybean itself or a sub- 
stance produced during fermentation of miso. One week be- 
fore irradiation, the mice were fed a diet supplemented with 
10% miso at different stages of fermentation: 3 to 4 days, 
120 days and 180 days (Table 1). After 7 Gy irradiation, the 
numbers of surviving crypts with 120-day fermented miso 
and 3- to 4-day fermented miso were significantly greater 
as compared with the MF group. With 8 Gy, the numbers of 
surviving crypts in the 3- to 4-day and 180-day fermented 
miso groups were also significantly increased compared 
with the MF group. Crypt survival with 10 Gy was sig- 
nificantly different in the 180-day fermented miso group as 
compared with the 3-to 4-day fermented miso, 120-day fer- 
mented miso and MF groups 7 ' 8 . 



Using miso produced by the Miso Central Institute 
(Tokyo) and the Hiroshima Prefectural Food Technology 
Research Center (Hiroshima), crypt survival was further 
studied at a dose of 12 Gy of X-irradiation. There were no 
significant differences in the numbers of surviving crypts 
with 180-day fermented miso from either source. However, 
when evaluating different types of miso provided by differ- 
ent areas of each institute, miso fermented for longer result- 
ed in increased the numbers of surviving crypts, with the 
period of 180 days fermentation being considered signifi- 
cant. The mechanism of the radioprotective effect of miso 
is considered to be closely related to substances produced 
during fermentation stages 9 . 

Clearly, the dose of radiation is of paramount impor- 
tance. With 15 Gy, the survival rate (dose rate 2 Gy/min), 
started to go down on the 5th day in animals, and on the 7th 
day, there were no surviving mice, showing that there was 
no significant protective effect of miso. However, with 8 Gy, 
the number of surviving mice in the MF group started to 
decrease on the 10th day, and in the 120-day and 180-day 
fermentation groups, it began to decrease on the 11th and 
13th days, respectively. A delay in mortality was obvious 
in all three miso groups, with a significantly increased sur- 
vival rate in the 3- to 4-day (p=0.048), 120-day (p=0.026) 
and 180-day fermented miso groups (p=0.011) as compared 
with the MF group by the Cox model 6 . Houchen et al. re- 
ported that expression of FGF-2 is induced with radiation 
injury and that recombinant human FGF-2 markedly en- 
hanced the crypt survival rate. Takahama et al. n also and 
that reported that a replication-deficient adenovirus contain- 
ing the HST-1 gene acted as a potent protector against lethal 
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Table 2. Effects of Dietary Miso, NaCl and Other Agents on Azoxymethane 
errant Crypt Foci (ACF) in the F344 Rat Colon 23-25 


(AOM)-induced Ab- 


roup 


A I K //Turin 


A("Vnnlnn 


AC/focus 


Control 


136.4 ±41.3 


221.4 ±61.9 


1.63 ± U.10 


4.4% Sea salt 


39.8 ± 22.0" 


62.9 ±38.1" 


1.6V ± U.45 


A Aft/ T J .... 1 . 

4.4% Kock sait 


3 /.6 ± ZO.O 


no i _i_ a o 1 ** 


l./U ± U.l / 


4.4% Home salt 


35.5 ± 11.6" 


61.2 ±21.5" 


1 T 1 i ft in 
i. / i ± U.1U 


4.4% Coarse salt 


74.1 ±33.5" 


123.9 ±54.1" 


1.70 ± 0.14 


4.4% Pure NaCl 


100.4 ± 62.9 


159.8 ± 95.6* 


1.61 ±0.23 


2.2% Pure NaCl 


115.9 ±65.2 


199.5 ±92.6 


1.82 ±0.32 


20% Miso 


66.3 ±41.1" 


124.4 ± 78.0** 


1.88 ±0.18 


10% Miso 


85.6 ±70.5* 


163.0 ± 130.8 


1.94 ±0.15 


5% Miso 


134.1 ±52.2 


240.9 ± 92.9 


1.83 ±0.17 


3.0% Kojic acid 


97.5 ±46.6* 


169.9 ± 72.6 


1.79 ±0.20 


1.5% Kojic acid 


91.6 ±31.3* 


167.2 ± 53.4* 


1.84 ±0.20 


5 ppm Biochanin A 


131.0 ±63.0 


226.6 ±90.0 


1.81 ±0.27 



Mean ± SD. 'Significantly different from the control (p<0.05). "Significantly different from the 
control (p<0.01). 



irradiation associated with injury of the intestinal tract as 
well as myelosuppression in the bone marrow and spleen. 
Ferrel et al. n described that recombinant human keratino- 
cyte growth factor can protect mice from chemotherapy- 
and radiation-induced gastrointestinal damage but not when 
the whole body was exposed to radiation, at least in terms 
of death from intestinal and marrow toxicity. We also found 
VEGF to be protective (Katoh and Watanabe, unpublished 
data). The cytokine-like substance in miso may conceivably 
play an important role in the protection and/or the recovery 
and repopulation of critical tissue elements when they are 
given prior to and during radiation exposure. However, to 
our knowledge, there have been no reports of such effect 
using an extract of cytokines from miso 10 " 12 . 

In our continuing search for active ingredients, water- 
soluble and ether-soluble fractions as well as residues from 
10-day and 260-day fermented miso were investigated. 
Only the water-soluble fraction of 10-day fermented miso 
increased crypt survival, but all fractions of 10-day and 
260-day fermented products exerted a beneficial influence. 
As for mortality, only the water-soluble faction of 260-day 
fermented miso increased the survival rate as compared 
with the control (MF). This suggests that the effective sub- 
stances in this fraction might be produced or present in 10- 
day fermented miso and produced in greater quantity during 
260 days of fermentation 9 . 

It is known that aglycon-type isoflavones and melanoi- 
din are produced during fermentation of miso. Watanabe et 
al. found that the former did not have any radiation protec- 
tive effects (unpublished data), but chemically synthesized 
melanoidin and a melanoidin-like substance extracted from 
7-month fermented miso showed a protective effect 13 . 

Further study is needed to elucidate the substances 
responsible for increased crypt survival, crypt lengths and 
prolongation of average time to death after a high dose of 
irradiation in mice, the mechanisms and any associated 
changes in bacterial flora in the gastrointestinal tract. 



Prevention of ACF and Cancer of the Large 
Intestine 

The change in dietary habits from traditional Japanese 
to Western style has been paralleled by an increase in co- 
lon and breast cancer in Japan, providing evidence for the 
greater importance of environment of food intake as op- 
posed to genetic background as a cause of cancer 14 . In an 
epidemiologic study, the risk of cancer in the large intestine 
was decreased by soybean consumption 15 . Many articles 
have been published concerning physiological properties of 
soybean that might contribute to suppression of the develop- 
ment of large intestinal cancer or ACF from the perspec- 
tives of vegetable fiber 16 , isoflavones 17 " 19 , saponin 20 and high 
molecular weight fractions of water soluble material 21 ' 22 in 
soybeans, but there are also components that are clearly not 
effective 18 - 19 

Effects of miso, salt, kojic acid and biochanin A on the 
development of ACF 

A study was designed to investigate the effects of fer- 
mented miso, pure NaCl, crude salts, kojic acid and bio- 
chanin A by the induction of ACF with AOM, a carcinogen 
for large intestinal cancer 23 " 25 (Table 2). 

Six-week-old male F344/DuCrj rats were fed different 
kinds of diets, and after one week, 15 mg/kg/body weight of 
AOM (Sigma) was injected once per week for 3 weeks with 
continued feeding for 2 weeks. All rats were fed a commer- 
cial MF diet (Oriental Yeast, Tokyo, Japan) alone or with 
5%, 10%, 20% dried red miso; 2.2% or 4.4% NaCl (Wako 
Pure Chemical, Tokyo, Japan), an NaCl content equivalent 
to 10% and 20% miso, respectively; 4.4% sea salt (Ryoen, 
Tokyo, Japan), coarse salt (Diasalt, Tokyo), rock salt (To- 
men, Tokyo, Japan) or table salt (JT, Tokyo, Japan); 1.5% 
or 3.0% of kojic acid (Nagase Seikagaku, Tokyo, Japan); or 
5 ppm of biochanin A (Sigma). After animals were autop- 
sied, the colons were removed and fixed in 10% buffered 
formalin and stained with 0.5% methylene blue. By view- 
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Table 3. Decrease by 180-day Fermented Miso in Size of Colon Carcinomas Induced by AOM in F344 Rats 



Group 


Rats with 
tumors 


Number of 
tumors per rat 


Size (mm) 


Size of well-differentiated 
adenocarcinoma (mm) 


Size of total 
tumors (mm) 


AOM 

3- to 4-day fermented miso+AOM 
180-day fermented miso+AOM 


12/20 (60%) 
15/20 (75%) 
20/17 (85%) 


1.10 ± 1.30 
0.95 ± 1.05 
0.85 ± 1.04 


4.32 ±3.81 
2.68 ±2.18* 
2.77 ±3.01* 


6.86 ±3.38 
3.66 ± 2.45 
3.56 ±2.56* 


7.26 ±3.51 
7.97 ± 9.24 
3.56 ±2.56* 



Mean ± SD. * Significantly different from AOM (p<0.05). 



ing the stained colons with a microscope at a magnification 
of 20-30 times, number of aberrant crypt foci (ACFs), total 
number of aberrant crypts (ACs) per colon and number of 
ACs per focus were counted. 

All rats treated with AOM showed a 100% incidence 
of ACFs. Numbers of ACFs per animal were significantly 
decreased as compared with controls on MF except in the 
groups given 4.4% pure NaCl, 2.2% pure NaCl, 5% miso or 
biochanin A. Total AC numbers were significantly reduced 
except in the groups receiving 2.2% pure NaCl, 3% kojic 
acid and biochanin A. ACs per focus increased significantly 
in the 10% and 20% miso groups. 

ACFs decreased as the concentration of miso increased 
but not as the concentration of pure NaCl increased. They 
also decreased in the groups of crude salts and 3.0% ko- 
jic acid but not as in the groups given 1.5% kojic acid and 
biochanin A. Kojic acid exists in miso during fermentation 
period but not in the final product. (Mohri & Fujinami, per- 
sonal communication), and therefore, the suppressive effect 
of miso on ACFs did not appear to be caused by kojic acid or 
a similar substance. 

This study showed that pure NaCl did not have a sup- 
pressive effect on ACFs but that crude salt did. BrdU label- 
ing indices and/or sizes of germinal regions were measured 
in some groups, but there was no correlation between ACF 
and AC induction. Impurities of purified salt used in this 
study were less than 0.01% but crude salt contained calcium 
and magnesium, and these substances were reported to sup- 
press cancer of the large intestine and ACF induction 26 " 31 
and to prevent from DNA synthesis 32 ' 33 . It is also reported 
that seren 34 , copper and iron 35 had the same effect of sup- 
pression of ACFs. Therefore, the suppressive effect of AOM 
on ACFs was considered to be caused by the minerals in 
miso, such as calcium and magnesium. This suggests that 
because of the large intake of minerals in natural salt used 
in regular Japanese food, the occurrence of large intestinal 
cancer in Japan is relatively small. 

Effects of long-term fermented miso on ACFs 

A study was designed to investigate the effect on ACFs 
induced by AOM depending on different durations of fer- 
mentation of miso 36 . All rats treated with AOM developed 
ACFs. The number of ACFs per animal were, 87.8 ± 28.9 in 
the MF group, 84.9 ± 52.1 in the 2.2% NaCl group, 85.5 ± 
19.3 in the 3- to 4-day fermented miso group, 83.6 ± 20.8 
in the 120-day fermented miso group and 65.1 ± 18.4 in the 
180 -day fermented miso group. The number of ACFs in 
the 180-day miso group decreased significantly compared 



with those of the MF group and 3- to 4-day fermented miso 
group, and 120-day fermented miso group. Total AC num- 
ber was largest in the 120-day fermented miso group and in- 
creased significantly compared with the 180-day fermented 
miso group. In this study, 180-day fermented miso exhibited 
the most suppression of ACFs induced by AOM, and the ef- 
fect was considered to be caused by components of soybean, 
minerals and other substances produced during fermenta- 
tion of miso described before. 

Effect on large intestinal adenocarcinomas 

Five -week-old male F344/DuCrj rats were maintained 
on MF diet supplemented with 10% each of dried miso pre- 
pared from two different fermentation stages including 3- 
to 4-day and 180-day fermented miso. Twenty-four weeks 
after administration of the carcinogen AOM, rats were au- 
topsied, and their colons were investigated. There was no 
significant difference among the groups in averaged number 
of ACFs per colon, total number of ACs and number of ACs 
per ACF 37 ' 38 (Table 3). 

Each rat that died on the 103rd, 149th and 163rd day 
after the first day of AOM injection in the miso groups had 
signet ring cell carcinoma in the duodenum. Total colon tu- 
mors incidence and number of colon tumors per rat were not 
significantly different (Table 3). By pathological observa- 
tion, signet ring cell carcinomas in the large intestine were 
not observed in the 180-day fermented miso group. The siz- 
es of the well-differentiated type of adenocarcinomas and 
total adenocarcinomas (well-differentiated type and signet 
ring cell) in the 180-day and 3- to 4-day fermented miso 
groups were significantly smaller in the MF+AOM group. 
Number of crypts, number of PCNA-positive cells and the 
highest position and width of the germinal region of the 
PCNA-positive index decreased significantly in the 180-day 
fermented miso group compared with the MF+AOM group. 
In this study, dietary administration of 180-day fermented 
miso inhibited the development of AOM-induced ACFs in 
the rat colon, but 10% miso did not have a suppressive effect 
on ACFs induced by DMH 39 in mice. 

Effects of soybean products on colon carcinogenesis 

Epidemiological study showed that intake of miso soup 
decreased large intestinal cancer 40 or increased it 41 . Kono 
et al. reported that taking two cups of miso soup per day 
reduced the number of S-type colon cancers 42 . Watanabe et 
al. reported that consumption of tofu and soybean decreased 
the number of rectal tumors 43 , and Poole et al. reported a 
decrease in large intestinal tumors 44 and Hu et al. reported a 
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Table 4. Inhibition by 180-day Fermented Miso of Induction of Pulmonary Tumors by N-nitrosobis (2-hydroxypro- 



pyl) amine (BHP) in Wistar Rats ; 



Group 


No. of 
animals 


Adenoma 


Adenocarcinoma 


Tumor with 
PCNA strongly positive 


BHP 


8 


62.6 ± 13.9 


6.5 ±3.5 


21.0 ±7.5 


BHP+3- to 4-day fermented miso 


14 


61.6 ± 19.0 


6.3 ±2.7 


15.4 ±6.6* 


BHP+180-day fermented miso 


15 


57.8 ± 24.9 


2.9 ± 1.7" 


11.7 ±4.7" 



Mean ± SD. * Significantly different from BHP (p<0.05). ** Significantly different from BHP (p<0.01). 



decrease in colon tumors in men consuming soybean prod- 
ucts and miso in China 45 . Le et al. reported that intake of 
soybean or soybean products in Hawaii reduced occurrence 
of large intestinal cancer in women but not in men 46 . Tuyns 
et al. reported soybean to be clearly protective against colon 
and rectal cancers on the basis of a case control study in 
Belgium 15 . 

In the study by Davies et al., F344 rats were fed soy- 
bean with a high content of isoflavones and a diet supple- 
mented with high fat and less calcium one week before and 
31 weeks after AOM administration. The soybean group did 
not show a decrease in the occurrence of large intestinal tu- 
mors 47 . Min mice were fed a Western-type diet (high fat and 
less vegetable fibers and calcium) with a higher amount of 
isoflavones, but the study did not show a preventive effect 
on large intestinal cancer 48 . Rao et al. 49 reported an increase 
in noninvasive tumor numbers and adenocarcinomas based 
on a study of AOM-treated rats fed casein-based feed with 
genistein. Mcintosh et al. 50 reported a larger increase in tu- 
mor number with soy protein than casein induced by DMH 
in rats. Gee et al. 19 reported no suppression of ACFs in the 
large intestinal tumor by genistein using a DMH model. 
Hahhak et al. 51 and Thiagarajan et al. 52 observed a protec- 
tive effect of soy and soy products against ACF induction. 
Pereira et al. 53 also found that purified genistein inhibited 
induction of ACFs. Gotoh et al. demonstrated that adminis- 
tration of biochanin A, a genistein precursor, inhibited the 
development of mammary tumors 54 , but we reported that 
biochanin A did not reduce colonic ACF development in rats 
treated with AOM 25 . It is considered that isoflavones have a 
preventive effect on breast cancer related to hormones. The 
epidemiological relationship between large intestinal cancer 
and isoflavones remains to be clarified. 

Previous study showed that long-term fermentation 
miso, such as for 180 days significantly decreased in the 
PCNA-positive index. It is hypothesized that calcium is a 
regulator of cell proliferation in the colon and that dietary 
intake of calcium inhibits experimental carcinogenesis 55 . 
Therefore, during fermentation of miso, a substance that 
suppresses cell proliferation is generated and may work as a 
factor in preventing colonic cancer. 

Prevention of Lung Cancer 

Among Japanese, the incidence of lung cancer has be- 
come the highest, exceeding that of stomach cancer. Being a 
serious problem, it is an urgent matter to develop preventive 



methods for lung cancer. Epidemiological studies in Okina- 
wa 56 and Singapore 57 have indicated that soybean products 
might have inhibitory effects on lung cancer, and Shiraki 
et a/. 58 ' 59 investigated such effects by using short-term and 
long-term for fermented miso, such as miso 3 to 4 days, 
and 180 days, respectively. Six-week-old male Slc:Wister 
rats were treated with di-isopropanol-nitrosamine (BHP) 
through drinking water with a concentration of 200 mg/liter 
for 10 weeks. All rats were fed on a commercial MF diet 
(Oriental Yeast, Tokyo, Japan) alone or with added miso. 
Dry red miso after 3-4 days or 180 days of fermentation 
was supplemented into MF at a ratio of 10% by weight. The 
diet was supplied with normal tap water ad libitum for 12 
weeks after treatment with BHP, and the rats were autopsied 
22 weeks after treatment. Macroscopically, all animals had 
many nodules in the lung. The number of nodules in the 
180-day fermented miso group was significantly decreased 
as compared with the other groups, but the tumor size was 
not significantly different among the groups. All rats had 
hyperplasia, adenomas and adenocarcinomas, and papil- 
lomas or squamous cell carcinomas were evident in 13%, 
27% and 29% of the rats in the BHP, BHP+3- to 4-day fer- 
mentation and BHP+180-day fermentation groups but the 
incidence rate did not show a significant difference. The 
numbers of adenocarcinomas in the BHP+180-day fermen- 
tation group and PCNA strongly positive tumors in the miso 
groups were significantly decreased as compared with the 
group with BHP alone. Tumor size decreased significantly 
in the BHP+180-day fermented miso. It was obvious that 
180-day fermented miso reduced the numbers of lung tu- 
mors (Table 4). 

Koo et al. 60 reported a significant inverse association 
between tofu/soy intake and lung cancer in nonsmokers in 
Hong Kong after adjustment for age, numbers of live births, 
and schooling. Swanson et al. 61 reported a dose-dependent 
inverse relationship with tofu and risk of lung cancer in 
Yunnan Province, China. On the other hand, Ozawa et al. 62 
reported that among females, a high intake of miso soup sig- 
nificantly and almost dose-dependently increased the risk of 
lung cancer. However, consumption of miso soup seems to 
be associated with a Japanese-style diet and increased salt 
intake, but the significance of these findings is unclear. 

Prevention of Breast Cancer 

Yamamoto et al. 6i reported that consuming a cup of 
miso three times a day reduced the occurrence of breast can- 
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cer but that tofu, natto, soybean and fried bean curd did not 
have such an effect and women in menopause had less breast 
cancer when a large amount of isofiavones was consumed. 

Baggott el al. reported that when dimethylbenz[a]- 
anthracene (DMBA) was administrated to Sprague-Dawley 
(SD) rats, number of mammary tumors occurred, up to 4.1 
per rat, but when the rats were fed a diet containing 25% 
miso, the number of tumors decreased to be 2.95 per rat, 
and the time until occurrence with miso was longer than 
that with only the carcinogen 64 . Gotoh et al. 5 *' 65 investigat- 
ed the induction of mammary tumors by administration of 
soybean, miso, and biochanin A in SD rats treated with 40 
mg/kg of A'-nitroso-iV-methylurea (MNU). The time until 
incidence of a tumor was longer in the miso and biochanin 
groups than in the group treated with MNU alone. The 
number of tumors was 2.2 in the MNU group, but in the 
miso group, it decreased significantly to 1.2 and so did the 
numbers of tumors in 10% soybean and biochanin A groups. 
They also investigated the incidence of tumors with miso 
and tamoxifen, a medicine used for breast cancer treatment. 
The number of tumors per rat induced by MNU was only 
4.5, but in the miso and tamoxifen groups, the numbers were 
2.4 and 1.4, respectively, and the number decreased signifi- 
cantly to 0.2 when miso and tamoxifen were fed together. 
This investigation clearly indicated that administration of 
miso in the diet can reduce the occurrence of mammary tu- 
mors as well as tamoxifen at the beginning of carcinogen 
treatment and that it can also suppress the multiplicity of 
tumors induced by a carcinogen 

Prevention of Hepatic Tumor 

When C3H male mice were bred for 1 year under nor- 
mal conditions, 89% of the mice had naturally occurring 
liver cancer. When B6C3F1 mice were irradiated with 252 Cf 
neutrons, which are the same neutrons as in an atomic bomb 
of the Hiroshima type, at 2 Gy 13 month later, 62% of the 
male mice and 29% of female had liver cancer. However, 
these mice were fed diets containing 10% miso (Miso Cen- 
tral Institute, Tokyo, Japan), and the frequencies of cancer 
for C3H mice, male B6C3F1 mice and female B6C3F1 mice 
decreased to 32%, 13%, 13% respectively 66 . 

Ogundigie et al. demonstrated the same effect of miso. 
A strong carcinogen for hepatocytes, such as diethylnitrosa- 
mine (DEN), was injected in 15-day-old B6C3F1 mice, and 
when they were 4 weeks old, the mice were irradiated with 
2Gy of 252 Cf neutrons; when they became 40 weeks old, the 
mice were autopsied for investigation. Various kinds of pre- 
ventive materials including miso were applied to investigate 
the occurrence of hepatic tumors. All mice had hepatomas, 
and the control group without any preventive material had 
46 tumors/mouse. But with miso, the number of tumors de- 
creased significantly to 32.5/mouse. When 10 ppm and 20 
ppm of biochanin A were applied, the number of tumors in 
the 10 ppm group was 40.1/mouse, but the number in the 
20 ppm group decreased significantly to 32.5/mouse 67 . Ob- 
viously, both results indicated that administration of miso 



inhibited the development of hepatomas occurring naturally 
or by administration of 252 Cf neutrons or a carcinogen in 
experimental animals. 

Kurosawa et a/. 68 reported that consumption of miso 
soup among women without a history of liver diseases 
showed a significant inverse association with hepatocellular 
carcinoma. Also Sharp et al. 69 suggested that consumption 
of soy foods, especially miso soup, is associated with re- 
duced risk of hepatocellular carcinoma among a-bomb sur- 
vivors. 

Prevention of Gastric Tumors 

Hirayama reported that consumption of miso soup on 
a daily basis might reduce the risk of stomach cancer 70 . But 
there is a report indicating that since miso contains 10-12% 
salt, it would be expected that the NaCl would greatly in- 
crease the likelihood of development of stomach cancer 71 . 
This chapter concerns experimental data indicating that 
consumption of salt through miso is different from con- 
sumption of salt itself. 

Male CD:Crj rats were treated N-methyl-N'-nitro-N-ni- 
trosoguanidine (MNNG) in drinking water for four months 
and simultaneously maintained on diet supplemented with 
10% dry red miso, 5% red dry miso, 2.2% NaCl (equivalent 
amount to 10% dry miso) or 1.1% NaCl (equivalent to 5% 
miso) or a control MF feed. As a control, instead of MNNG, 
tap water was given 72, 73 . Generally, the incidence of gastric 
tumors in the NaCl groups was higher than that of the miso 
groups. In particular, the incidence of gastric tumors with 
MNNG+2.2% NaCl and the sizes of gastric tumors with 
MNNG+2.2% NaCl and MNNG+1.1% NaCl and of adeno- 
carcinomas with MNNG+1.1% NaCl were significantly in- 
creased as compared with MNNG+MF (Table 5). 

Furthermore, when a similar experiment was con- 
ducted with 50% salt-reduced miso, the incidence of gastric 
tumors was the same as with regular miso containing 2% 
NaCl 74 . Asahara et al. 75 and Rajendran et al. 16 reported that 
according to the Umu test, which is used as an indicator of 
mutagenicity, the strains of yeast, lactic acid bacteria and 
other molds in miso can remove or detoxicate carcinogens 
such as trp-p-2, a pyrolysis product of foods. Yanagihara 
et al 17 reported that by using digestive tract cells, a group 
of isoflavone-like substances in miso, such as biochanin A 
and genistein, prevented the growth of gastric tumor cells 
by stimulating death of cells by apoptosis. 

To further confirm the importance of the fermentation 
process, a study was conducted to examine the effects of 
miso at various fermentation stages on MNNG induction 
of rat glandular stomach neoplasia. Male CD:Crj(SD) rats 
were maintained on MF diet supplemented with 10% each 
of dried miso prepared with three different fermentation 
stages, 3 to 4 days, 120 days and 180 days, or 1.1% NaCl 
(Wako, special grade) was as a control during administra- 
tion of the carcinogen 78 (Table 6). There was no significant 
difference among groups in the total number of tumors, 
number of tumors per rat or incidence of gastric tumors, 
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Table 5. Incidences of Gastric Tumor in CD(SD) Rats Treated with N-methyl-N'-nitro-N-nitorosoguanidine (MNNG) and Miso or 
NaCl 72 



Group 

MNNG+10% Miso 

MNNG+2.2% NaCl 

MNNG+5% Miso 

MNNG+l.l%NaCl 

MNNG 



Total tumor 



Glandular stomach 



Small intestine 



number per rat Incidence Size (mm) Number Incidence Size (mm) Number 



Other tumors 



17/20 (85.0%)* 


9/20 


(1.15 ±0.75)* 


(45%) 


17/19 (89.5%)* 


13/19 


(1.32 ±0.67)* 


(68%)* 


10/19 (52.6%) 


7/19 


(0.63 ± 0.68) 


(37%) 


15/20 (75.0%)* 


12/20 


(0.9 ± 0.64) 


(60%) 


10/19 (53.0%) 


6/19 


(0.65 ± 0.67) 


(32%) 



2.3 ±3.5 0.6 ±0.7 

4.1 ±5.1* 8 ±0.8 

2.0 ±2.9 0.5 ±0.7 

4.5 ± 4.4** 0.7 ± 0.7 

1.2 ±2.3 0.7 ±1.1 



9/20 
(45%) 

11/19 

(58%)* 

2/19 
(ll%) a 

6/20 
(30%) 

3/19 
(16%) 



8.2 ±13.9 0.6 ±1.0 Sarcoma 

Squamous 
11.4 ±17.1 0.6 ±0.8* cell carcinoma 
Plasmacytoma 

5.0 ±17.5 0.2 ±0.5 Ly m P homa 

Hepatoma 

4.1 ±9.1 0.3 ±0.6 Sarcoma 
Plasmacytoma 



7.6 ± 20.6 0.2 ± 0.4 



Sarcoma 



Number of tumors per rat are shown in parentheses (mean ± SD). * Significantly different from MNNG (p<0.05); ** Significantly different 
from MNNG (p<0.01). a Significantly different from MNNG+10% miso (p<0.05). 



Table 6. Reduction by 180-day Fermented Miso of Gastric Tumor Number and Size in CD Rats 
Treated with MNNG 78 



Group 



Gastric tumor 



Adenocarcinoma" 



Number 



Size (mm) 



Control 


5.17 ±4.45 


11 


8.0 ±2.9 


3-to 4-day fermented miso 


3.62 ± 6.79 


6 


11.5 ±7.6 


120-day fermented miso 


2.42 ± 2.68 


6 


4.3 ± 3.6 a 


180-day fermented miso 


1.78 ±3.34* 


9 


2.9 ± 4.6* b 


NaCl 


3.23 ±4.08 


8 


5.1 ±4.1 a 



Mean ± SD. 1 Including negative animals. 2 Positive animal. * Significantly different from 
the control (p<0.05). 8 Significantly different from the groups fermented for shorter periods 
(p<0.05). b Significantly different from groups fermented for shorter periods (p<0.01). 



duodenum tumors and other tumors. Tumor size of in the 
180 -day fermented miso group was decreased significantly 
compared with controls (p<0.01). Tumor size in the 3-to 
4-day fermented miso group was significantly greater than 
in the 120-day fermented miso (p<0.05) and 180-day fer- 
mented miso groups (p<0.01). Thus there is a high possibil- 
ity that during the fermentation period of miso, substances 
that inhibit growth of tumors might be produced. 

During fermentation of miso, two reactions occur: one 
is enzymatic by koji (rice starter with Aspergillus oryzae), 
and the other is through fermentation by microorganisms 
such as yeasts and lactic acid bacteria. By enzymatic reac- 
tions, soybean and rice undergo hydrolysis of proteins, sac- 
charification of starches and decomposition of oils, generat- 
ing low molecular peptides, amino acids, reduced sugars, 
fatty acids and glycerol. Some proportion of these nutrients 
is consumed by salt-tolerant microorganisms, and as by- 
products of fermentation, alcohol, organic acids and esters 
are synthesized, which are flavor components of miso. In 
addition, Maillard materials are produced by a nonenzy- 
matic reaction, contributing to the color of miso 2 . Fujinami 
et al. reported that the contents of glutamine and formol 
nitrogen increase during miso fermentation 79 , and Higashi 
et al. described production of amylase and acid protease 80 . 
However, analysis of these compounds remains for future 



investigation. 

Protection Against Hypertension 

It was often considered that excess intake of miso led 
to lifestyle-related disease even the salt in miso increased 
the blood pressure 81 " 87 . As described before, unlike the cases 
of salt alone, the salt in miso reduced stomach cancer 72 , and 
miso did not cause an increase in gastric tumors. So the ef- 
fects of salt in miso on blood pressure were studied 88 . 

Six-week-old salt-sensitive Dahl rats, similar to SD 
male or female rats (original strain of salt-sensitive Dahl 
rat), were maintained on a commercial diet of MF alone, 
which contains 0.3% salt, MF supplemented with 10% dry 
red miso (180-day fermented miso), MF supplemented with 
2.3% salt, because 10% dry miso contains 2.3% NaCl, or 
MF supplemented with 1.9% salt for 12 weeks. The systolic 
blood pressure in the Dahl male rat being administrated 
2.3% NaCl was significantly increased for 8 and 12 weeks 
but not in the SD rat (Fig. 2). However, the blood pressure 
in the rats fed a diet with miso or commercial control diet 
(MF) was not increased. Even though miso contains 2.3% 
NaCl, the blood pressure was as stable as in the rats fed a 
commercial diet containing 0.3% salt. The systolic blood 
pressure of the Dahl female rat was increased by the salt 
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Weeks 



- Dalil miso 
•DahlNaCI (2.3%) 
•DahlNaCI (1.9%) 

- Dahl control 



— ♦— SD miso 
— D— SD NaCl (2.3%) 
— A — SDXaCl (1.9%) 
— O— SD control 



Fig. 3. Systolic blood pressure in female rats 88 . *Significantly different from same strain control 
(p<0.05). "Significantly different from same strain control (p<0.01). b Significantly dif- 
ferent from same strain miso (p<0.01). 



diet but not by the miso diet (Fig. 3). The blood pressure of 
the female rat was not increased by the 1.9% salt diet but that 
of the male was increased. The male rat was more sensitive 
to salt than the female, as in humans. As a result, the blood 
pressure of the salt- sensitive rat was not increased by miso 
diet containing 2.3% NaCl, which indicates that miso diet 
does not to increase blood pressure in salt-sensitive people. 
Recently, Yoshinaga et al. showed that drinking miso soup 
for a long term attenuated salt-induced hypertension in Dahl 
salt-sensitive rats given salt equivalent to the content of miso 
soup, and the results were associated with an attenuation of 
kidney damage 89 . Salt in miso works in a different manner 
from NaCl alone on its own in the case of gastric tumors and 
blood pressure. The exact mechanisms for the antihyperten- 
sive action remain to be elucidated. Current hypertension 
guidelines recommend that salt intake should be lower than 
6 g/day. Considering the results concerning of blood pres- 
sure between salt in miso and salt along, it is better to refrain 
from excessive intake of salt, but it may be recommended 
to consume miso soup to prevent lifestyle-related diseases 
including hypertension. 



Regarding epidemiological data, He et al. demon- 
strated that dietary soybean protein reduced blood pressure 
in a randomized, double-blind, controlled trial in Chinese 
adults 85, 86 . Several small clinical trials have reported incon- 
sistent findings regarding the effect of soybean protein on 
blood pressure 87 ' 90-91 . Washburn and colleagues 91 compared 
the effect of 20 g of soybean protein containing 34 mg of 
phytoestrogens given in either 1 dose or 2 doses on that of 
20 g of complex carbohydrates on cardiovascular disease 
risk factors and menopausal symptoms among 51 women in 
a randomized controlled trial. They observed a significant 
reduction in diastolic blood pressure in the twice-daily soy- 
bean protein diet compared with the carbohydrate control 
diet. Burke and colleagues 90 examined the effects of soy- 
bean protein on 24-hour ambulatory blood pressure among 
41 treated hypertensive patients in a randomized controlled 
trial. He et al. also documented that the decrease in blood 
pressure reduction associated with soybean dietary protein 
was greater than that of the carbohydrates control 86 . Con- 
ventionally, higher intake of complex carbohydrate has been 
recommended as a replacement for saturated fat to reduce 
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Table 7. Summary of Biological Functions of Miso 



Ethological Experimental 



Protection against radiation injury 


Yes 4 


Yes 5 ' 9 


Protection against colon tumors 


Yes 14 


Yes 23 ' 25 - 38 


Protection against lung tumors 


No (squamous cell carcinoma) 57 


Yes (adenocarcinoma) 58, 59 


Protection against breast tumors 


Yes 63 


Yes 54 - 65 


Protection against liver tumors 


Yes 69 


Yes 66 - 67 


Protection against gastric tumors 


Yes 70 


Yes ". 74 


Blood pressure 


Not increase 95 


Not increase 88 - 89 


Protection against brain stroke 


Isoflavone Yes 100 


Yes 101 



cardiovascular risk 9 ". A soy-based diet attenuated the devel- 
opment of hypertension both in female and male SHR rats 93 . 
These findings suggested that higher intake of soybean pro- 
tein may play an important role in prevention and treatment 
of hypertension. 

Nakamura et al. 94 conducted a double-blind, random- 
ized placebo-controlled study to evaluate the effects on 
blood pressure among Japanese of a 6-week diet containing 
approximately 25% to 20% low-sodium soy sauce and miso 
(an approximately 10% decrease in total dietary salt intake). 
Significant changes in blood pressure were not observed in 
the experiment. However, it was noted that a 6.4 mm Hg net 
decrease in diastolic blood pressure resulted in no signifi- 
cant change in systolic blood pressure for those aged 40 and 
older in the low-sodium intake group. 

They considered that a 6-week trial of low-sodium soy 
sauce and miso resulted in a reduction in urinary salt of 0.7 
g/day in the intervention group, and the net difference in 
urinary salt excretion between the intervention group and 
the controls was 1.4 g/day. For example, when 13 g dietary 
salt is consumed on a daily basis, the estimated salt intake 
from soy sauce will change from 3.3 g to 2.4 g and that from 
miso will change from 1.6 to 1.3 if they are replaced with 
low-sodium types, and thus one can achieve a 1.2 g reduc- 
tion in daily dietary salt intake. They concluded that an ap- 
proximately 10% reduction in dietary salt intake affected 
diastolic blood pressure in middle aged or older people and 
possibly had beneficial effects on blood pressure in those 
with hypertension. Dietary reduction of NaCl in soy sauce 
may be used to reduce diastolic blood pressure rather than 
miso. 

On the other hand, Kanda et al. performed a study on 
the association of lifestyle parameters with the future risk of 
hypertension in normotensive subjects. They administered 
a baseline questionnaire and performed a four-year follow- 
up of 445 normotensive Japanese between the ages of 35 and 
89 years. Among the 60- to 69-year-old subjects, changes in 
blood pressure during the four years were negatively cor- 
related with boiled rice intake in men and with Japanese 
tea intake in women 95 . Multiple logistic regression analy- 
sis revealed that two or more bowls of miso soup per day 
was protective against hypertension during the follow-up 
(p<0.05). These results indicate that the nature and amount 
of food intake is important in the prevention of hypertension 
in the elderly. It also prevents the increase in blood pressure 



in men and animals when compared with rats fed on the 
equivalent of NaCl concentration without miso. 

For protection from hypertension, Fujita reported 96 
that taking miso soup together with protein and potassium- 
rich vegetable as spinach, "wakame", or seaweed, calcium 
rich food such as dried sardine and dried bonito; or mag- 
nesium such as seaweeds and soybean, prevented increases 
in blood pressure even in salt- sensitive individual. Ander- 
son et al. 91 reported dietary sources of sodium in China, 
Japan, the United Kingdom, and the United States from 
the INTERMAP study and that the sodium intakes per day 
(systolic blood pressure mm) in these countries were 3,990 
mg (121.3), 4,651 mg (117.2), 3,406 mg (120.4) and 3,660 mg 
(118.6), respectively. This data showed that sodium intake 
was the highest in Japanese but that the Japanese also had 
the lowest blood pressure. It seems that sodium intake was 
higher but that blood pressure was low individuals lived 
longer. Alderman 98 described that Yamamono Indians have 
a very low sodium intake and rather short life expectancy, 
while the Japanese, with much higher sodium intakes, have 
the longest life expectancy among all national groups. Ka- 
gan et al. 99 reported that no relation was found between salt 
intake and the incidence of stroke in Hawaiian Japanese 
men. In general, excessive sodium intake is a key factor in 
the epidemic of perhypertension/hypertension and is linked 
to increased risk of cardiovascular diseases. Kokubo et al. m 
found a significant inverse association between soy and iso- 
flavone intake with the risk of incidence for cerebral and 
myocardial infarction in women. Recently, we observed that 
the incidence of and life span after a brain stroke in an NaCl 
group of SHRSP rats was significantly increased as com- 
pared with a group fed miso containing the same sodium 
content 101 . So we considered that sodium in miso might be- 
have differently compare with NaCl alone. 

Conclusion 

The most commonly occurring cancers in Japan used 
to be in the stomach. However, with recent change in dietary 
habits from a traditional Japanese to Western style, cancers 
of the large intestine, breast and prostate are increasing, 
while stomach cancer is becoming less common. This in- 
dicates that the importance of diet and traditional food such 
as miso soup should be reevaluated not only in Japan but 
across the world. Since miso has multiple functions, as dis- 
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cussed in previous sections, with preventive effects that help 
to maintain health (Table 7), it deserves further studies to 
elucidate the mechanisms of action of materials produced 
during fermentation. Analysis of effective biological com- 
pounds in miso promises to be a fruitful avenue for future 
investigation. 
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